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he equations of the classical theory for the hydrostatic figure of

Che earth arve modified in oxder to make their development independent of
the externzl potential theory. These modifications are esscatial in
orcer to study eany discrepancy which may exist between the actual
flattening f and the hydrostatic flattening fh' An expression is

i
|

obtained giving the hydrostatic flattening explicitly in terms of other

easy numerical manipu-

Fh

parametevrs, which seems to have the advantage o
results obtained from the modified equations disagree with
s, giving a hydrostatic flattening of 1/296.70 = 0.05 in

conirast to the value of 1/269.86 = 0.05 as found from the classical

Jeffreys. These results, if true, lead tc the conclusion that the

rostatic flattening ol the earth is greater then its actual flattening,

o4
-1 -1
i.e., L. - I < 0, in contradiction to the currvencly nrevalent
il
o T o O -1 c_l c LI S ¥ e - - 3
coinion that &, - £ > 0. Some cdifficulty is likely to arise with
: I3
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LNTRODUCTION

The hydrostatic theory of the earth, in its preseat form, was first

Ciifercontial equation by making an important substitution, and the theory

-

nas since been used primarily in estimating the flattening of the earth

., on the assumption that the value of flattening obtained from

4
w

Fie

1

would give the best availlable approximation to the real flattening of the
caril sphercld. Doubt was cast on this assumption, however, when Tisserand

{1891) and Poincaré (1910), on the basis of the hydrostatic theory,

_ -~ -1 , N , - 5
derived I = 297.3, in contrast to the then-accepted value of f = 293.5

183

whicn A. R. Clarke had obtained from arc measurements in 1880 (Jeffreys
{ J 2

1962, p. 152). Later, Hayford (1909, 1910) using more extensive data,
. . o=—1 " et e ,
obtgined I = 257.0, which was quite comnsistenc witin the valiue obtained

the tnen-prevalent opinion that the hydrostazic theoyy mathod

- s .
cile rirattening

However, it was based on the fact that simnce hydrost c equilibrium
probably existed throughout the earth's iInterior except for the upper
crust (which forms only a megligible part of the whole earth), the assumptio

1ibrium for the whole earth was not unjustified. Tais

= v - e g o £ £ = J - hiecnh =1 £ o+ + ince
Zeterminetion of the geopotential ccefficient J, from whicnh the flattening
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xternal pofenliiadl Lheory, withoul recourse either to gecdetic or gravity

- 1

ata or to the hydrostatic equilibrium theoxy. The currently accepted
alue of £ computed in this way is 1/298.25.

At about the same time Henriksen (1960), using de Sitter's (1924)

. -1 - A . 2 p -6
cuations, found £ = 300.0 corresponding to™ J = 1622.4 x 10 ~. Later,
it
.
oo o

Jefireys (1964), using J = (1624.17 * 0.05)10 °, as obtained by Xing-Fele,

. ~ r-\‘,- - —4 = . . .

ook, cnd Rees (1963), found L= 29%.67 * 0.05, confirming the dis-

ropancy between f aad fﬁ' In & previous peper (Khan, 1667a) I used the
: i

mproved values of the constant of precession (Rabe, 1950) and of moon-

.

- - - . -4 - ‘ X .

arcih mass ratio (1/81.303) and obtained f,_l = 299.856 = 0.05 by employing
EY

{1964) and approach, which has both the advantages of speed and

1 1
. e \ N - T4 PPl N s i e . 1
impiicity. Although S is greater than the uncerceinty in the

SAhctuelly 1t is erroneous to use tne sace

atic eguations anc the problem ol hydrostatic equilibrium of the earth

can be and shousd be solved with any knowledee of J. However, this possi-
o 3 s

0ility does not seem to have been explored and the trend of using a
pre~cdecermined J (either from satellite motvion as in post—satellite times
or from internal density distribucion as in pre-sacellite times) in

the solution of hyarostatic equations persists up till now. The results

ceported In tinis paper are ovtailned accepting this trend as correct (which
it 25 not). The flaws of this wmethod will be discussed in a subsequent
soper (Whan, 1967b) in which. a correct solucion of the problem will be

Zivae.
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s worcihwhile to ensure that the llscrepancy 1s genuin

not avise merely from an error in some of the parameters involved in th

®

calcclations or even irom some undetected flaw in the hydrostatic thcecory

itself, before atteompting to comstruct the possible geophysical hypotheses

o5t

nd give rirst & brief summary of de Sitter's method followed by a very

brief account of Henriksen's (1960) post-satellite approach. When de Sitter

1

{1824y worked out his hydrostat

l.J.

nhe gecpotential coefficient

T

¢ equations,

a3 not knowr "conrate Iy and h 1im"na d e = a1 1ol na 1 iad
v Was not Known accurately ana ne eliminated it Irom the right hand side
0i rils equations by means of a well-known reletion derived from external

[ R S S 1 S vt o PR -
Solenlilal Theox noperuis résuming thac there was no
) k S

the value of J for the real earth and the hydrostatic
J. fHenriksen (1S60) seems to have used these equations without either

detecting this fact or pointing it out.
he above assumption tc be incorrect and its elimination

is no longer desireble (as explained later) because it tends to introduce

3

an Implicit £ = £ (in case of the presently adopted approach to compute

cde Sitter's equation so that J

being eliminated as was donsa

leter, the use of these modified ecuations has led to a value of aydro-
scatlic fiattening which differs considerably from the previous results.
Yhese wmodified equations are solved simultaneously in order to obtain

en explicit expression for L. It is important to note that usually the
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Lguation (1) gives £ if J and « are known. gowever, since direcct
ceterminations of the precise value of J were not availeble in »nre-
satelliite tiwmes, J had to be found by some other means. The carth was
assuiied to be in hydrostatic equilibrium so that the resuiting outer
suriace, ofiten refowred to as the Yideal suriace," had the same flattening
- a i e M iz LRI = = - S =T K AT —
&3 Lad Tnorna irrace i.e., L. = £, ne ula toer ae well
&g tae "nornal suriace, e., £ Cne could tuen use the well
i
xnown relation
3 C
J = ¢ H where ¢ = — - . (25
M <
2 ria
e

In the above formuia C denotes the polar woment of inertia, M the mass

and a_ the equatoricl radius of the eaych.

i could be calculated from the constant of brecession using formulas

| to
+h

\
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w
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q =3

']
o
,,

¢ =1-—m-2

Noie the introduction of an implicit £ = f 1f che observed value of J is

R B i o £
wECL ©O Lompute I, .
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{inally

. S -
g=1-—m -2 I -=1 | (3)
. Lo
5 , 3 i 1+ A
i S
where use was made of the relation
A
’ 4 11+ Ng
. DB A3 =-— (6)
J 5 1=
0 ‘s
In the zbove expreszsions, S is the density expressed in terms of
che mean censity as a unit, D the mean density within the surface 8
expressad in the same units, and n  and AQ are the surface values of the
S -~
Parameters n and A wahich depend uwjon the internal density distribution
ci the earth,.
Zquation (5) will give ¢ if n_ and A are known. The considerations
S S
wiica ied to equation (3), also gave a boundary coadition for the deter-
minacticon of n_. This can be written 23
s
' \ ! 4 N
) 2 Loy " 2 ‘ 2 \‘I
n, £ L1+~ i - m = 3" [ 1+—L 0 =35 i+=2Z (D)
) : ol . i i o N 0
{ 7 21 ' 7 / 3 /
\ i 4
waich wich the help of equation (1) cen be transformed into
5 i0 5 &, 6 ‘
n f'=—m = 2f" + —a° + —'f; - —n f (&)
s 2 21 7 o7 "
TXote egein the introduction of en implicit £ = £ if observed valuz of
id
o Zs used to compute I .
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